INTRODUCTION {#jmv24505-sec-0002}
============

Enterovirus D68 (EV‐D68) belongs to the genus *Enterovirus*, species D of the *picornaviridae* family and was first identified in California in 1962 \[Schieble et al., [1967](#jmv24505-bib-0023){ref-type="ref"}\]. It can cause mild to severe respiratory infections. More recently, circulation of three different EV‐D68 clades based on the phylogenetic analysis of VP1 sequences has been reported worldwide \[Kaida et al., [2011](#jmv24505-bib-0007){ref-type="ref"}; Rahamat‐Langendoen et al., [2011](#jmv24505-bib-0020){ref-type="ref"}; Ikeda et al., [2012](#jmv24505-bib-0006){ref-type="ref"}; Lauinger et al., [2012](#jmv24505-bib-0010){ref-type="ref"}; Linsuwanon et al., [2012](#jmv24505-bib-0012){ref-type="ref"}; Meijer et al., [2012](#jmv24505-bib-0015){ref-type="ref"}; Piralla et al., [2012](#jmv24505-bib-0018){ref-type="ref"}; Tokarz et al., [2012](#jmv24505-bib-0025){ref-type="ref"}\]. A nationwide outbreak of EV‐D68 associated with severe respiratory infection was reported in the USA from mid‐August 2014 to January 15, 2015 and a total of 1,153 people were affected during this epidemic (<http://www.cdc.gov/non-polio-enterovirus/about/ev-d68.html>). The EV‐D68 outbreaks in the USA have resulted in a worldwide public health concern with emergences of EV‐D68 infections in Denmark, Australia, France, and Italy \[Bal et al., [2015](#jmv24505-bib-0002){ref-type="ref"}; Esposito et al., [2015](#jmv24505-bib-0004){ref-type="ref"}; Levy et al., [2015](#jmv24505-bib-0011){ref-type="ref"}; Midgley et al., [2015](#jmv24505-bib-0016){ref-type="ref"}\]. In China, sporadic cases of EV‐D68 were reported between August 2006 and June 2012 \[Xiang et al., [2012](#jmv24505-bib-0026){ref-type="ref"}; Lu et al., [2014](#jmv24505-bib-0013){ref-type="ref"}\]. In a previous study, we identified one EVD68 strain in a respiratory specimen from a severe pneumonia case in Beijing in 2014 \[Zhang et al., [2015](#jmv24505-bib-0027){ref-type="ref"}\]. There have been no further reports about the EV‐D68 infection in Beijing since then, especially after the US EV‐D68 pandemic in 2014.

In this study, we performed a retrospective surveillance study of respiratory infection cases and analyzed the epidemiological and clinical features of EV‐D68‐related diseases in Beijing, China during the 2011--2015 periods. All clinical specimens were tested in parallel for EV‐D68 and other enteroviruses with real‐time PCR. EV‐D68 positive specimens were also tested for other respiratory pathogens. Moreover, the phylogenetic relationships of EV‐D68 strains from Beijing, China and other available countries are also described in this study.

MATERIALS AND METHODS {#jmv24505-sec-0003}
=====================

In Beijing, the Respiratory Virus Surveillance System (RVSS) was established by the Beijing Center for Disease Prevention and Control in 2011. The RVSS now covers 30 sentinel hospitals distributed in all 16 districts of Beijing. This surveillance has obtained ethics approval from the Ethics Committee at Beijing Center for Disease Prevention and Control. Clinical specimens, including nasopharyngeal swabs and sputum were collected from respiratory infection cases and sent for laboratory diagnostic testing. A total of 7,945 clinical specimens from RVSS were collected and chosen for the EV‐D68 detection between January 5, 2011 and July 30, 2015.

Total nucleic acid (RNA and DNA) was extracted from the clinical specimens by Thermo Scientific™ KingFisher™ Flex Magnetic Particle Processors (Thermo Fisher, Waltham, MA). EV‐D68 and other enteroviruses were simultaneously detected in one tube with a commercial real‐time RT‐PCR kit (Duplex Real‐time PCR Detection Kit for Enterovirus 68, Jiangsu uninovo biological technology company, China). A panel of respiratory pathogens including influenza virus A (pandemic H1N1 influenza virus, seasonal influenza A virus H3N2) and B, respiratory syncytial virus, parainfluenza virus 1--4, adenovirus, rhinovirus, human metapneumovirus, human coronavirus (NL63, OC43, 229E, and HKU1), human bocavirus, mycoplasma, and chlamydia were also investigated in the EV‐D68 positive specimens with commercial real‐time RT‐PCR kits (Multiplex Combined Real‐time PCR Detection Kit for Respiratory Viruses, Jiangsu uninovo biological technology company, China).

The VP1 fragment of EV‐D68 positive specimens was amplified and sequenced as previously described \[Tokarz et al., [2012](#jmv24505-bib-0025){ref-type="ref"}\]. The consensus VP1 sequences were assembled using DNASTAR software, Version 5.0 (DNASTAR, Inc., Madison, WI) and aligned with MEGA software, version 6.0 \[Tamura et al., [2013](#jmv24505-bib-0024){ref-type="ref"}\]. The phylogenetic relationships of representative VP1 sequences of EV‐D68 from Beijing, China and other available countries (The USA, Republic of South Africa, Japan, France, Netherlands, Thailand, Senegal, and Gambia) were estimated by using the maximum‐likelihood method with 1,000 bootstrap replicates with MEGA software, version 6.0. The evolutionary distances were estimated for EV‐D68 VP1 sequences from 13 Beijing EV‐D68 strains, the prototype EV‐D68 (Fermon strain, AY426531) and one reference strain circulating in the USA in 2014 (US/MO/14‐18948 strain, KM851226) using Maximum Composite Likelihood model (500 bootstrap replicates) with MEGA, version 6.0.

RESULTS {#jmv24505-sec-0004}
=======

In total, 7,945 clinical specimens from RVSS were collected and chosen for the EV‐D68 retrospective study from January 5, 2011 to July 30, 2015 (shown in Table [I](#jmv24505-tbl-0001){ref-type="table"}). Totally, 555/7,945 (6.99%) specimens were enterovirus positive. Of the 555 enterovirus positive specimens, 444 (28 in 2011--2012, 353 in 2013 and 94 in 2014--2015) were from pediatric cases and 78 (2 in 2011--2012 and 76 in 2014--2015) from adult cases. 12/7,945 (0.20%) specimens were EV‐D68 positive: 11 were from pediatric cases (median age 8 years; range from 3 years to 15 years) and 1 from an adult case (aged 76). The rates for EV‐D68 were 0.3% in the pediatric group (11/3,457) and 0.02% in the adult group (1/4,488), respectively. The rates for each age group were also shown in Table [I](#jmv24505-tbl-0001){ref-type="table"}. In the 12 EV‐D68 positive cases, no other respiratory pathogens were detected in the clinical specimens.

###### 

Clinical Samples Screened for Enterovirus and EV‐D68 From January 5, 2011 to July 20, 2015 in Beijing, China

  Year                                                                          Age group[^a^](#jmv24505-note-0001){ref-type="fn"}   No. of clinical specimens   No. of enterovirus positives (%)   No. of EV‐D68 positives(%)
  ----------------------------------------------------------------------------- ---------------------------------------------------- --------------------------- ---------------------------------- ----------------------------
  January 5, 2011 to January 18, 2012                                           Pediatric case                                       451                         28 (6.2)                           3 (0.7)
  Adult case                                                                    188                                                  2 (1.1%)                    1 (0.5)                            
  April 28, 2013 to October 22, 2013[^b^](#jmv24505-note-0002){ref-type="fn"}   Pediatric case                                       2,112                       353 (16.7%)                        3 (0.1%)
  August 1, 2014 to July 30, 2015                                               Pediatric case                                       894                         96 (10.7%)                         5 (0.6%)
  Adult case                                                                    4,300                                                76 (1.8%)                   0                                  
  Total                                                                                                                              7,945                       555 (7.0%)                         12 (0.2%)

Pediatric cases ≦14 years old and adult cases \> 14 years old.

All from pediatric cases (≦14 years old).
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The demographic and clinical characteristics of the 12 EV‐D68 positive patients are shown in Table [II](#jmv24505-tbl-0002){ref-type="table"}. Seven were male patients and five were female. Eleven of twelve were pediatric patients and the other one was a 76‐year‐old man. Nine patients were admitted to the hospital and remaining three were treated as outpatients. The main symptoms for the 12 EV‐D68 patients were fever (10/12, 83.3%) and cough (6/12, 50%). No patients were admitted to the intensive care unit. Among the 12 EV‐D68 patients, 10 were detected in the autumn or winter (September to January). The other two were detected in the summer (July and August).

###### 

Demographic and Clinical Characteristics of 12 EV‐D68 Positive Patients

  Patient                                      Laboratory code   Age (years)   Sex      Data of symptom onset   Clinical symptom                                           Admission to hospital
  -------------------------------------------- ----------------- ------------- -------- ----------------------- ---------------------------------------------------------- -----------------------
  1[^a^](#jmv24505-note-0003){ref-type="fn"}   2011‐21186        15            Male     November 4, 2011        Fever, sputum production, chest ache                       Yes
  2                                            2011‐21282        10            Female   November 18, 2011       Fever                                                      Yes
  3                                            2011‐21286        4             Male     November 26, 2011       Fever                                                      Yes
  4                                            2012‐12225        76            Male     January 6, 2012         Fever                                                      Yes
  5                                            2013‐0720‐6       5             Male     July 20, 2013           Cough                                                      No
  6                                            2013‐0825‐6       6             Male     August 25, 2013         Fever                                                      No
  7                                            2013‐1017‐26      10            Female   October 17, 2013        Cough, fever, sputum production, sneezing                  No
  8                                            2014‐R0672        10            Female   September 12, 2014      Cough, fever                                               Yes
  9                                            2014‐R970         11            Male     September 14, 2014      Fever                                                      Yes
  10                                           2014‐R1011        3             Female   October 7, 2014         Cough, fever, sore throat, sputum production, chest ache   Yes
  11                                           2014‐R1153        8             Female   September 21, 2014      Cough, sputum production                                   Yes
  12                                           2014‐R1357        8             Male     October 10, 2014        Cough, fever, sore throat                                  Yes

Collect the clinical specimen from pediatric clinic.
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The phylogenetic relationships of the 12 EV‐D68 strains from Beijing, China and other local strains were analyzed based on the sequences of VP1 and shown in Figure [1](#jmv24505-fig-0001){ref-type="fig"}. The 12 EV‐D68 strains belonged into groups 1 (n = 8) and 3 (n = 4). Of note, the EV‐D68 strains sampled in 2011--2013 were distributed into either group 1 or group 3 whereas all EV‐D68 strains sampled in 2014 were clustered into group 1 together with the strains circulating in the USA. The other EV‐D68 strains from China sampled between 2008 and 2012 also belonged to either group 1 or 3.

![Phylogenetic analysis of 12 EV‐D68 strains from Beijing with other strains from different geographic locations. The phylogenetic relationships of representative viral protein 1 (VP1) sequences from different countries were estimated by using the maximum‐likelihood method with 1,000 bootstrap replicates using MEGA 6.0 (<http://www.megasoftware.net>). Bootstrap values are indicated on each tree. The scale bar represents nucleotide substitutions per site. The 12 EV‐D68 strains generated by this study are indicated with an asterisk. The VP1 sequences of other EV‐D68 strains in China are indicated with a solid circle. GenBank accession numbers and the country of origin are shown for each EV‐D68 strain.](JMV-88-1529-g001){#jmv24505-fig-0001}

The evolutionary distances for the 12 EV‐D68 VP1 sequences are shown in Table [III](#jmv24505-tbl-0003){ref-type="table"}. One of EV‐D68 strains from our previous study was used as a reference for the estimation of evolutionary distance together with the prototype EV‐D68 (Fermon strain, AY426531) and one reference strain circulating in the USA in 2014 (US/MO/14‐18948 strain, KM851226). The average evolutionary distance of the 12 EV‐D68 strains and three reference strains was 0.089. Compared with the prototype EV‐D68, the evolutionary distances of 13 Beijing EV‐D68 strains ranged from 0.145 to 0.173. In contrast, compared to the USA reference strain from 2014, the evolutionary distances of 13 Beijing EV‐D68 strains ranged from 0.015 (in 2011) to 0.148 (in 2013).

###### 

Evolutionary Distances for EV‐D68 VP1 Sequences

  Stains                                   1       2       3       4       5       6       7       8       9       10      11      12      13      14     15
  ---------------------------------------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------ ----
  AY426531.1\|Fermon\|USA\|1962                                                                                                                           
  KM851226\|US/MO/14‐18948\|USA\|2014      0.151                                                                                                          
  KP240936.1\|Beijing‐R0132\|China\|2014   0.157   0.042                                                                                                  
  KT280496\|2014‐R1357\|China\|2014        0.159   0.039   0.004                                                                                          
  KT280497\|2014‐R1153\|China\|2014        0.166   0.051   0.014   0.017                                                                                  
  KT280498\|2014‐R1011\|China\|2014        0.158   0.046   0.009   0.011   0.012                                                                          
  KT280499\|2014‐R970\|China\|2014         0.164   0.043   0.014   0.017   0.025   0.019                                                                  
  KT280500\|2014‐R0672\|China\|2014        0.156   0.039   0.002   0.004   0.012   0.007   0.012                                                          
  KT280501\|2013‐1017‐26\|China\|2013      0.168   0.148   0.146   0.149   0.158   0.152   0.158   0.149                                                  
  KT280502\|2013‐0825‐6\|China\|2013       0.164   0.143   0.142   0.145   0.154   0.147   0.153   0.145   0.004                                          
  KT280504\|2013‐0720‐6\|China\|2013       0.145   0.035   0.038   0.036   0.048   0.041   0.039   0.036   0.145   0.141                                  
  KT285319\|2012‐12225\|China\|2012        0.173   0.146   0.139   0.142   0.152   0.145   0.151   0.142   0.01    0.012   0.144                          
  KT306743\|2011‐21286\|China\|2011        0.17    0.145   0.138   0.141   0.148   0.144   0.149   0.141   0.008   0.01    0.142   0.004                  
  KT285320\|2011‐21282\|China\|2011        0.146   0.015   0.035   0.033   0.043   0.038   0.038   0.033   0.14    0.135   0.026   0.136   0.134          
  KT280503\|2011‐21186\|China\|2011        0.148   0.029   0.032   0.03    0.042   0.037   0.038   0.03    0.143   0.139   0.017   0.139   0.138   0.02   □
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DISCUSSION {#jmv24505-sec-0005}
==========

In recent years, outbreaks caused by EV‐D68 respiratory infection have been reported in many parts of the world \[Kaida et al., [2011](#jmv24505-bib-0007){ref-type="ref"}; Ikeda et al., [2012](#jmv24505-bib-0006){ref-type="ref"}; Tokarz et al., [2012](#jmv24505-bib-0025){ref-type="ref"}; Xiang et al., [2012](#jmv24505-bib-0026){ref-type="ref"}; Renois et al., [2013](#jmv24505-bib-0022){ref-type="ref"}; Lu et al., [2014](#jmv24505-bib-0013){ref-type="ref"}; Levy et al., [2015](#jmv24505-bib-0011){ref-type="ref"}; Midgley et al., [2015](#jmv24505-bib-0016){ref-type="ref"}\]. To understand the EV‐D68 circulation in Beijing, we investigated the clinical specimens from patients with respiratory infections for EV‐D68 during the period 2011--2015. In this study, the rate of EV‐D68 (0.20%) in Beijing is lower than the rates reported in Italy (0.24%) \[Piralla et al., [2014](#jmv24505-bib-0017){ref-type="ref"}\], the Netherlands (0.95%) \[Poelman et al., [2015](#jmv24505-bib-0019){ref-type="ref"}\], Philippines (1.10%) \[Furuse et al., [2015](#jmv24505-bib-0005){ref-type="ref"}\], Germany (7.70%) \[Reiche et al., [2015](#jmv24505-bib-0021){ref-type="ref"}\], Denmark (10.80%) \[Midgley et al., [2015](#jmv24505-bib-0016){ref-type="ref"}\], and Norway (11.00%) \[Bragstad et al., [2015](#jmv24505-bib-0003){ref-type="ref"}\]. The low rate of EV‐D68 detected in this study may be a consequence of the sampling method as the clinical specimens were collected from all age groups. Adults accounted for 56.5% of the respiratory infection cases while EV‐D68 mainly affects children. In addition, this could be a result of sampling time frame with no EV‐D68 infections detected in Beijing during the period of January to July of 2015, which is not the EV‐D68 circulating season.

In total, 11/12 EV‐D68 patients were pediatric cases presenting with mild clinical symptoms and none were admitted to the ICU. Similar phenomena were observed in the Germany and the Netherlands \[Meijer et al., [2014](#jmv24505-bib-0014){ref-type="ref"}; Reiche et al., [2015](#jmv24505-bib-0021){ref-type="ref"}\]. All of 12 EV‐D68 patients were without any underlying disease. Many EV‐D68 pediatric patients in the USA in 2014, had asthma or a history of wheezing, and were admitted to the ICU requiring bilevel positive airway pressure ventilation. This indicates that children with underlying disease are more likely to be seriously affected by EV‐D68 infection.

Ten out of twelve EV‐D68 strains were identified in autumn or winter and the others, in summer. The EV‐D68 strains circulating in autumn were described in Italy, Japan, the Netherlands, and the USA \[Khetsuriani et al., [2006](#jmv24505-bib-0008){ref-type="ref"}; Kaida et al., [2011](#jmv24505-bib-0007){ref-type="ref"}; Rahamat‐Langendoen et al., [2011](#jmv24505-bib-0020){ref-type="ref"}; Tokarz et al., [2012](#jmv24505-bib-0025){ref-type="ref"}; Piralla et al., [2014](#jmv24505-bib-0017){ref-type="ref"}\]. Our study indicates that EV‐D68 could also cause the respiratory infection in the summer and winter. The phylogenetic relationship between EV‐D68 strains circulating in Beijing, China, and other countries showed that EV‐D68 strains from Beijing circulating in 2011 to 2013 belonged to group 1 or 3, while all of the strains in 2014 belonged to group 1 together with the strains circulating in the USA in 2014. In 2011, some other EV‐D68 strains from China were clustered into group 1 together with the strains circulating in the USA. The Beijing EV‐D68 strains in group 1 were also shown to be closely related to the USA reference strain in 2014 by evolutionary distance estimation. These results demonstrated that EV‐D68 strains similar to those circulating in the USA in 2014 already existed in China from 2011 and became predominant strains circulating in Beijing in 2014.

The EV‐D68 strains circulating in Beijing in 2014 were also shown to be highly homologous to the EV‐D68 strains isolated from an AFP case in the USA (Accession number: KM892501). AFP cases associated with EV‐D68 infections were observed in Norway, Australia, France, and the USA \[Ayscue et al., [2014](#jmv24505-bib-0001){ref-type="ref"}; Lang et al., [2014](#jmv24505-bib-0009){ref-type="ref"}; Bragstad et al., [2015](#jmv24505-bib-0003){ref-type="ref"}; Levy et al., [2015](#jmv24505-bib-0011){ref-type="ref"}\]. Therefore, greater attention should be given to EV‐D68 infections as the cause of AFP. The ongoing screens for EV‐D68 in respiratory infections and AFP cases will provide novel information to track the EV‐D68 spreading in the world and help evaluate the sequence diversity in circulating EV‐D68 strains.
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